An approximate Z 3 family symmetry is proposed for leptons which results in a neutrino mass matrix with sin 2 2θ atm = 1 and tan 2 θ sol = 0.5, but the latter value could easily be smaller. A generic requirement of this approach is the appearance of three Higgs doublets at the electroweak scale, resulting in possibly observable flavor violating leptonic decays, such as µ → eee and µ → eγ.
Introduction
With the recent experimental progress in measuring atmospheric [1] and solar [2] neutrino oscillations, the mass-squared differences of the 3 active neutrinos and their mixing angles are now known with some precision. In the previous talk [3] , the mixing pattern resulting in sin 2 2θ atm = 1 and tan 2 θ sol = 0.5 was advocated. Here I show how this can be implemented in a complete theory of leptons, using the discrete family symmetry Z 3 × Z 2 , which is only broken spontaneously and by explicit soft terms in the Lagrangian.
Motivated by the idea that M ν should satisfy [4, 5] 
where U is a specific unitary matrix, a very simple form of M ν is here proposed:
where
This results in
with
This explains atmospheric neutrino oscillations with sin 2 2θ atm = 1 and solar neutrino oscillations with tan 2 θ sol = 1/2. Whereas the mixing angles are fixed, the proposed M ν has the flexibility to accommodate the three patterns of neutrino masses often mentioned, i.e. In all cases, C must be small.
2 Relevance of Z 3 × Z 2 Symmetry
In the above, the mxing matrix has U e3 = 0. This is the consequence of a symmetry, i.e.
M ν of Eq. (2) is invariant under the Z 2 transformation [6]
However, since C is always small, the possible symmetry of M A + M B should be considered as the dominant one. This turns out to be Z 3 [7] , i.e.
Note that U B commutes with U 2 and M ν = M A + M B is the most general solution of
3 Origin of M C Since M C is small and breaks the symmetry of M A + M B , it is natural to think of its origin in terms of the well-known dimension-five operator [8] 
where (φ + , φ 0 ) is the usual Higgs doublet of the Standard Model and Λ is a very high scale.
As φ 0 picks up a nonzero vacuum expectation value v, neutrino masses are generated, and if 
the most general form of M C would be
However, the C ′ term can be absorbed into M A , so again M ν of Eq. (2) is obtained. This form of the neutrino mass matrix has in fact been discussed as an ansatz in a number of recent papers [9, 10, 11, 12, 13] . In particular, let it be rewritten as
Note that each of the above four matrices is a group element of S 3 . This is the recent proposal of Harrison and Scott [12] . The difference here is that the underlying symmetry of M ν has been identified, thus allowing a complete theory of leptons to be constructed.
Origin of M A + M B
To accommodate the proposed Z 3 symmetry in a complete theory, the Standard Model of particle interactions is now extended [5] to include three scalar doublets (φ 
where, under the Z 3 transformation,
This means
resulting in
Note that h has no d terms because it has to be symmetric. Note also that both h and f 
L is diagonal) will be very close to the identity matrix with off-diagonal terms of order m e /m µ , m e /m τ , and m µ /m τ . This construction allows M ν of Eq. (2) to be in the (ν e , ν µ , ν τ ) basis as a very good approximation.
Flavor Violating Leptonic Decays
The Yukawa couplings of the three Higgs doublets are such that the dominant coupling of 
which is well below the present experimental upper bound of the order 10 −6 for all such rare decays [16] .
The decay µ − → e − e + e − may also proceed through φ 
where 1 m
Using the experimental upper bound [18] 
